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Abstract
Postoperative pulmonary edema is a well‑known postoperative complication caused as a
result of numerous etiological factors which can be easily detected by a careful surveillance
during postoperative period. However, there are no preoperative and intraoperative criteria
which can successfully establish the possibilities for development of postoperative pulmonary
edema. The aims were to review the possible etiologic and diagnostic challenges in timely
detection of postoperative pulmonary edema and to discuss the various management
strategies for prevention of this postoperative complication so as to decrease morbidity
and mortality. The various search engines for preparation of this manuscript were used
which included Entrez (including Pubmed and Pubmed Central), NIH.gov, Medknow.com,
Medscape.com, WebMD.com, Scopus, Science Direct, MedHelp.org, yahoo.com and google.
com. Manual search was carried out and various text books and journals of anesthesia and
critical care medicine were also searched. From the information gathered, it was observed
that postoperative cardiogenic pulmonary edema in patients with serious cardiovascular
diseases is most common followed by noncardiogenic pulmonary edema which can be due to
fluid overload in the postoperative period or it can be negative pressure pulmonary edema
(NPPE). NPPE is an important clinical entity in immediate post‑extubation period and
occurs due to acute upper airway obstruction and creation of acute negative intrathoracic
pressure. NPPE carries a good prognosis if promptly diagnosed and appropriately treated
with or without mechanical ventilation.
Keywords: Acute respiratory distress syndrome, Cardiogenic pulmonary edema, Mechanical ventilation,
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Introduction
Postoperative pulmonary edema is a well‑known postoperative
complication with little known etiology and mortality.[1‑4]
Even the preoperative and intra‑operative criteria which can
successfully establish the possibilities for development of
postoperative pulmonary edema have been studied extensively
without any conclusive results. However, several etiologic
factors have been described which could possibly lead to
postoperative pulmonary edema with a lot of evidence suggesting
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that most of these patients have preexisting heart diseases. Over
administration of intravenous fluids during perioperative period
may precipitate cardiac dysfunction which can prove to be fatal
if progresses to ischemia.[5] Besides fluid overload, there are
other pathogenic mechanisms which can lead to this serious
clinical presentation.[6‑8] Neurogenic pulmonary edema is one
such potential cause for the development of this pathology.
Acute respiratory distress syndrome (ARDS) is considered to
be an important differential diagnosis especially in the critically
ill and polytrauma patients. Other clinical conditions like head
injury, hyponatremia, adrenal tumors, sepsis, pneumonitis,
and so on are also implicated in causation of postoperative
pulmonary edema. More challenging aspects associated with
postoperative pulmonary edema include the exact diagnosis of
its varied presentation and the resultant clinical manifestations.
The basic understanding of the pathophysiology as well as the
appropriate therapeutic interventions is the cornerstone for its
successful treatment.
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The scenario is immensely significant in the clinical settings
of developing nations like Asian and African countries where
majority of the surgical centers do not have attached intensive
care services to handle such devastating complications. The
role of noninvasive mechanical ventilation, continuous positive
airway pressure (CPAP), and biphasic positive airway pressure
(BIPAP) has gained immense popularity over the last two
decades while treating the patients with pulmonary edema.
However, its role in the health set‑up of developing nations will
be difficult to define as majority of the peripheral health centers
and private clinics may not possess the costly equipment and
services of trained anesthesiologist. As such there is an acute
need for reviewing the various clinical aspects associated with
postoperative pulmonary edema in these nations in an attempt
to decrease the morbidity and mortality arising thereof from this
pathological entity. The present review is focused on identification
of possible etiology, pathology, and appropriate management of
postoperative pulmonary edema. The various search engines for
preparation of this manuscript were used which included Entrez
(including Pubmed and Pubmed Central), NIH.gov, Medknow.
com, Medscape.com, WebMD.com, Scopus, Science Direct,
MedHelp.org, yahoo.com and google.com. Manual search was
carried out and various text books and journals of anesthesia and
critical care medicine were also searched.

Materials and Methods
The various search engines for preparation of this manuscript
were used which included Entrez (including Pubmed and
Pubmed Central), NIH.gov, Medknow.com, Medscape.com,
WebMD.com, Scopus, Science Direct, MedHelp.org, yahoo.
com and google.com. Manual search was carried out and
various text books and journals of anesthesia and critical care
medicine were also searched.
Etiology
Though it is extremely difficult to identify the exact
etiological factors but on the basis of present evidence
these causative factors can be classified to some extent.
The main etiologic factors may be divided into following
major categories.
Cardiogenic pulmonary edema
This is the most important and most common cause of
postoperative pulmonary edema in patients with preexisting
cardiac diseases. Myocardial infarction is the most common
finding in these patients resulting in left ventricular dysfunction
and increased hydrostatic pressure in pulmonary circulation
leading to leakage of fluid into the interstitium. Any undue
stress during the surgical and anesthetic procedure can be a
potential cause, especially the stress response associated with
intubation, major handling of the viscera, and extubation
response.[9,10] The other causes can be cardiac arrhythmias and
congestive cardiac failure as cardiac patients are highly prone
to develop these complications.
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Noncardiogenic pulmonary edema
The postoperative pulmonary edema can develop in patients
without any known cardiac disease as well with any underlying
pathology. The etiology of this clinical condition is governed
by starling’s law which has described the flow dynamics
through the semi permeable membrane [Figure‑1]:
Q = K [(Pmv‑Ppmv)‑σ (πmv‑πpmv)]
where Q is the flow of fluid through membrane, K is filtration
coefficient, Pmv is hydrostatic pressure in the pulmonary
capillaries, Ppmv is the interstitial hydrostatic pressure, πmv
oncotic pressure in the pulmonary capillaries, and πpmv is the
interstitial oncotic pressure.
[σ] is the reflection coefficient which is used as a measure to
correct for the ineffectiveness of some of the oncotic pressure
gradient.
The normal fluid homeostasis in lungs is maintained by a
good balance of filtration and absorption mechanisms between
pulmonary capillaries and the draining lymphatics.[11] Any
disturbance in these mechanisms can induce a state of pulmonary
edema leading to respiratory failure.
Neurogenic pulmonary edema
The clinical manifestations in this of pulmonary edema can
be attributed to disturbed autonomic nervous system with
resultant exaggerated sympathetic discharge thereby raising
the pulmonary capillary pressure and extravasations of fluid
into pulmonary tissues. [12,13] The factors responsible for this
pathological entity may include but are not limited to the
following:
• Postoperative hyponatremic encephalopathy[6]
• Head trauma[7]
• Phaeochromocytoma[8]
• Air embolism.[14]
Fluid overload
Pulmonary edema can be extremely fatal if an early diagnosis
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Figure 1: Starling’s law of fluid dynamics through a semipermeable
membrane
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is not made and treated appropriately. Majority of times, it may
be the initial clinical manifestation of overenthusiastic fluid
administration in certain diseased states such as sepsis, third
space sequestration, excessive intraoperative hemorrhage,
resuscitation during trauma and so on.[15‑18] It can also be
secondary to acute renal failure in postoperative period or can
result from excessive fluid intake.
The excessive amount of fluids in the postoperative period are
usually given to replace the various “losses” during the surgical
period such as continuing “third space losses”, evaporative
losses, blood loss and insensible losses. This replacement of
fluids is usually based on approximations of fluid requirement
and clinical monitoring of various hemodynamic parameters
and urinary output.[19,20] The quantity of fluid required to induce
pulmonary edema in postoperative patients who do not have
serious cardiovascular, hepatic or renal disorders depends
upon age, body weight, tissue turgor, cardiovascular, renal, and
pulmonary functions, plasma vasopressin levels, plasma proteins,
and the volume of the “third space”.[2] A gain in fluid above 20%
of the total body water has been termed as fluid overload[9] and it
has been documented in the literature that pulmonary edema can
occur within initial 36 hours postoperatively when the net fluid
retention exceeds 67 ml/ kg/ day in absence of serious associated
medical conditions.[21] The exact amount of fluids can be guided
by monitoring of central venous pressures in postoperative
patients with no cardiovascular or renal diseases and by the
use of pulmonary capillary wedge pressures in patients with
significant cardiovascular disease, so the fluid and electrolyte
balance in early postoperative period is an essential factor in
prevention of postoperative pulmonary edema.
Anaphylaxis causing pulmonary edema
This type of clinical entity is very difficult to diagnose as
majority of times the patient seems to be exposed to multiple
known and unknown etiological factors. The accumulation of
fluid in the pulmonary tissues is mainly an end result of allergic
reaction during the peri‑operative period. Most commonly
implicated agents include antibiotics, anesthetic agents including
ketamine, analgesics, neuro‑muscular blockers, adjuvant drugs or
occasionally an allergy to latex.[22] The clinical presentation may
include a sudden onset with bronchospasm, swelling, urticaria,
rash, and/or disturbed hemodynamic parameters. The hypotension
and tachycardia are predominantly seen in majority of the patients
as they are under the influence of anesthesia. The diagnosis can
be made either by exclusion or getting the levels of histamine
and trypatse done. Ketamine, usually considered a safe drug, has
recently been found to cause unusual anaphylactic reaction.[23,24]
Acute lung injury
Numerous etiologies including sepsis, trauma, burns, blood
transfusions, aspiration, and chemical inhalation and so on
can cause acute damage to the vascular endothelium in the
pulmonary tissue and resulting in pulmonary edema. The
clinical presentation may be in the form of acute lung injury
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or acute respiratory distress syndrome which may require
ventilatory support till healing of the pulmonary tissue.
However, the diagnosis of acute lung injury is often confused
with cardiogenic pulmonary edema.
Negative pressure pulmonary edema
NPPE is basically a clinical entity which can be established
by diagnosis of exclusion. It was first described in dogs by
Moore[25] and was also reported in two children with acute
upper airway obstruction by Capitanio et al.[26] NPPE is a
pathophysiological syndrome which results due to acute
development of negative intrathoracic pressure generated
during spontaneous respiratory efforts against an obstructed
upper airway. This is a postoperative catastrophic complication
for which it is extremely difficult to define the possible
etiological factors. As such, the appropriate management
is focused on early identification and possible elective
ventilation. The pathophysiological changes associated with
it include:
1. Damage to pulmonary capillaries with fluid shift to
the interstitium of the lungs with an increase in the
transpulmonary blood volume. Due to marked negative
intrathoracic pressure (−50 to −100 cmH2O), there is an
increase in venous return to heart with subsequent elevation
of ventricular end‑diastolic volumes and thus the left
ventricular end‑diastolic pressures are elevated leading to
formation of pulmonary edema.[27‑29]
2. The hypoxemia due to upper airway obstruction leads
to increased pre‑ and postcapillary pulmonary vascular
resistance in a nonuniform manner thus elevating the
pulmonary vascular resistance and a hyper‑adrenergic state
which precipitates pulmonary edema.[30] Not only do these
mechanisms lead to fluid shift from pulmonary capillaries
to perimicrovascularinterstitium but also cause disruption
of alveolar capillary membrane.
This type of pulmonary edema due to acute upper airway
obstruction is termed as type I negative pressure pulmonary
edema (NPPE)
3. The changes in chronic airway obstruction are mainly due to
sudden disappearance of autopositive end expiratory pressure
(PEEP) and thus a sudden return of chronically elevated lung
pressures. This generates a negative intrapulmonary pressure
causing transudation of fluid in lung interstitium.
This type of pulmonary edema in chronic obstruction is termed
as type II negative pressure pulmonary edema (NPPE).[31]
The overall incidence of NPPE is less than 0.1% in all surgeries
performed under general anesthesia[32,33] while the incidence
of development of pulmonary edema in acute upper airway
obstruction (type I NPPE) ranges from 9.6‑12% and that in
chronic airway obstruction (type II NPPE) is 44%.[34]
Type I NPPE is typically seen in young, healthy and athletic
individuals with a slight male preponderance while type II
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NPPE is seen in extremes of ages.[31]
Etiology
The most common cause of NPPE remains postextubation
laryngospasm.[35] Other causes of obstruction of upper airway
leading to NPPE include the following:
• Hanging
• Laryngeal tumor
• Strangulation
• Sleep apnea
• Biting of endotracheal tube while intubated[36]
• Croup and epiglottitis especially in children[37]
• Administration of muscle relaxant at the beginning of an
inhalational induction of anesthesia caused by premature
paralysis of glossal muscles before diaphragm[38]
• Following aspiration of pneumothorax or massive pleural
effusion
Clinical presentation
The clinical picture is similar irrespective of the cause of
pulmonary edema while a history of recent extubation after
anesthesia usually precedes the development of NPPE. The
onset of NPPE may vary from few minutes to several hours (up
to 30 hours) following extubation or relief of obstruction. [39]
Type I NPPE usually presents with acute respiratory distress
with signs of tachypnea, tachycardia, pink frothy pulmonary
secretions, progressive oxygen desaturation and rales on chest
auscultation.
Chest radiograph shows diffuse interstitial and alveolar
infiltrates. Computed tomography of chest shows a preferential
central and nondependent distribution of ground glass
attenuation.[40]
Management
The management of postoperative pulmonary edema usually is
aimed at treatment of the underlying cause. Majority of patients
give good results with conservative and symptomatic treatment
but few do require intubation and initiation of mechanical
ventilation with application of positive end expiratory pressure.
The cardiogenic pulmonary edema responds to the therapy
directed towards the cardiac event causing pulmonary edema
while that due to fluid overload usually responds to fluid
restriction and diuretic therapy. Diuretics may be required
to remove excess intrapulmonary fluid but should always be
given after correcting fluid status of the patient.[28] However,
a few researchers have claimed their role to be insignificant
and consider administration of diuretics as un‑necessary part
of the treatment.[41,42] The increased fluid accumulation during
anaphylactic reaction requires administration of steroids and
β agonists. The rapid regression of pulmonary edema on
administration of β agonists occurs due to increased active
cation transport.[43]
Noninvasive ventilatory support has gained immense
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popularity in the recent past and has replaced the traditional
invasive intubation and ventilation strategies throughout the
globe for the treatment of respiratory failure. The role of
noninvasive ventilation in treatment of pulmonary edema
can be significant as it drastically reduces the increased work
of breathing and thereby preventing muscle fatigue. Apart
from this benefit, noninvasive ventilation may be able to
reduce the ventricular afterload, helps in better recruitment
of alveoli as well as causes minimal disturbances of the
hemodynamic parameters.[44,45] The incidence of ventilator
associated pneumonias as well as hospital stay of the
patient can possibly get reduced by adoption of noninvasive
ventilation strategies ultimately resulting in decreased
morbidity and mortality.[45,46]
Most cases of diagnosed NPPE respond promptly to appropriate
therapy which is usually aimed at reversing hypoxia and
removal of excess fluid from the lung interstitium. Patient
might require early intubation and institution of mechanical
ventilation if extubated while already intubated patients will
need positive pressure ventilation with positive end expiratory
pressure (PEEP) to maintain oxygen saturation.[41]
The resolution of pulmonary edema usually occurs within
3‑12 hours of institution of appropriate therapy with complete
resolution of chest radiographic findings. However, in a few
cases the complete resolution may take up to 12‑48 hours.
The patients have good prognosis if promptly diagnosed
and appropriate treatment instituted. However, a significant
complication rate does exist and is generally attributed to a
delay in diagnosis.[47,48]

Conclusion
In conclusion, postoperative pulmonary edema remains an
important and fairly common complication which can easily
be prevented by careful vigilance of the clinicians involved in
postoperative care of patients. Negative pressure pulmonary
edema (NPPE) is a type of pulmonary edema where a prompt
diagnosis and early treatment can significantly reduce the
complication rate. Importantly, in centers with no advanced
postoperative care units or ICU facilities, development of
such complications warrants immediate transfer of patients
to a centre with available intensive care facilities so as to
decrease the morbidity and mortality associated with such
complications.
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